Background: There are few studies of the economic value of orthotic and prosthetic services. A prior cohort study of orthotic and prosthetic Medicare beneficiaries based on Medicare Parts A and B claims from 2007 to 2010 concluded that patients who received timely orthotic or prosthetic care had comparable or lower total health care costs than a comparison group of untreated patients. This follow-up study reports on a parallel analysis based on Medicare claims from 2011 to 2014 and includes Part D in addition to Parts A and B services and expenditures. Its purpose is to validate earlier findings on the extent to which Medicare patients who received select orthotic and prosthetic services had less health care utilization, lower Medicare payments, and potentially fewer negative outcomes compared to matched patients not receiving these services. Methods: This is a retrospective cohort analysis of 78,707 matched pairs of Medicare beneficiaries with clinical need for orthotic and prosthetic services (N = 157,414) using 2011-2014 Medicare claims data. It uses propensity score matching techniques to control for observable selection bias. Economically, a cost-consequence evaluation over a four-year time horizon was performed. Results: Patients who received lower extremity orthotics had 18-month episode costs that were $1939 lower than comparable patients who did not receive orthotic treatment ($22,734 vs $24,673). Patients who received spinal orthotic treatment had 18-month episode costs that were $2094 lower than comparable non-treated patients ($23,560 vs $25,655). Study group beneficiaries receiving both types of orthotics had significantly lower Part D spending than those not receiving treatment (p < 0.05). Patients who received lower extremity prostheses had comparable 15-month episode payments to matched beneficiaries not receiving prostheses ($68,877 vs $68,893) despite the relatively high cost of the prosthesis. Conclusions: These results were consistent with those found in the prior study and suggest that orthotic and prosthetic services provide value to the Medicare program and to the patient.
Background
Orthotic and lower extremity prosthetic devices and related clinical services are designed to provide patients with stability and mobility. While the literature contains considerable evidence of geographic variation in both major amputation rates and the use of orthotic and prosthetic (O&P) services [1] [2] [3] , there are limited studies of the extent to which beneficiaries who receive O&P services experience a reduction in complications and/or costs with favorable outcomes [4] .
While the variability in measures of quality and patient outcomes in research on O&P services can make comparisons difficult, studies have shown that the provision of O&P services led to measurable improvements in the quality of patient care and functional and psychosocial outcomes [5] [6] [7] . Beyond physical health, receipt of O&P services is associated with improved mental health status, in terms of social functioning, general health perception, and role limitation due to emotional problems [8] . The receipt of O&P services may also lead to societal gains including the return to work [9] .
Additionally, O&P services can reduce health care spending via better patient outcomes, which in turn reduce other types of health care utilization [10, 11] . Long-term savings are thought to result when patients receive appropriate orthotic and prosthetic care. Without such care, individuals may live more sedentary lifestyles, which research has shown leads to secondary complications, such as diabetes and related comorbidities, as well as increases in health care utilization and spending [12] . Additionally, in some cases, the use of more sophisticated technology has been found to increase the quality of care and patient outcomes [13] . The beneficiary's quality of life may very well be improved as well through increased mobility [14] .
Our prior custom cohort study of orthotic and prosthetic Medicare beneficiaries that was based on Medicare claims experience over the [2007] [2008] [2009] [2010] period found that the study group of patients who received timely orthotic or prosthetic care had lower total health care costs than a comparison group of untreated patients [10] . This study reports on a parallel analysis based on Medicare claims from 2011 to 2014 and includes Part D in addition to Parts A and B. Its primary objective is to validate earlier conclusions on the extent to which Medicare patients who received select orthotic and prosthetic services had less total health care utilization, lower Medicare payments, and/or fewer negative outcomes compared to matched patients not receiving these services. While the data are from Medicare only, the results of this study can inform the value proposition of orthotics and prosthetics for other payers.
Methods
A retrospective cohort design of 78,707 one-to-one matched pairs of Medicare constituents (N = 157,414) was utilized. From an economic design type, a cost-consequence evaluation design was used with a total four-year time horizon. The payer's perspective was selected for study to gain an understanding of value as it relates to orthotic and prosthetic provision under the Medicare program as a primary member of the reimbursement community. Study procedures were administered in accordance with the Declaration of Helsinki.
This study focuses on three types of O&P services -lower extremity orthoses, spinal orthoses, and lower extremity prostheses. The analytic methodology consisted of three key activities, including: 1) developing patient cohorts of orthotic and prosthetic users and matched comparison groups using a propensity score approach; 2) developing clinical episodes of care for each individual beneficiary; and 3) calculating descriptive statistics and analyzing the impact associated with each O&P service on Medicare episode utilization and payments.
Developing patient cohorts
Analyses were conducted using Medicare claims from a custom database provided by the Centers for Medicare & Medicaid Services (CMS) (Data Use Agreement No. 28710). We requested a sample of beneficiaries with claims from 2011 to 2014 for patients with specified etiological diagnoses who received select lower extremity orthotic, spinal orthotic, or lower extremity prosthetic services. The etiological diagnosis related to the condition which ultimately led to the need for the lower extremity orthotic, spinal orthotic, or lower extremity prosthetic service (e.g., a functional diagnosis for a prosthetic device), not the diagnosis linked to the claims at the time of receipt of the service. 1 These beneficiaries represented the study group population for each O&P service. CMS identified the comparison (i.e., control) group population by matching beneficiaries to the patients who received orthotic and/or prosthetic devices (study group) based on the presence of an etiological diagnosis, gender, age, and state of residence. CMS provided up to five comparison group patients, who did not receive the select O&P services of interest, preliminarily matched to each study group patient.
The sampling methodology utilized by CMS to extract the custom cohorts allowed the analyses to reflect those Medicare beneficiaries who received an appropriate etiological diagnosis after January 1, 2011.
Beneficiaries who died within three months of the etiological diagnosis were excluded from the cohorts. To be included in the study group, patients were required to have received specified orthotic or prosthetic services between January 1, 2012 and June 30, 2013. Beneficiaries in the prosthetic sample were required to have a relevant amputation documented in the claims during the study period. This sampling methodology ensured that the database included one year of claims prior to, and at least 18 months following, the receipt of the O&P service. Medicare health care claims across all care settings from 2011 to 2014 were obtained for the beneficiaries who met sampling specifications. Care settings included inpatient and outpatient hospitals, long-term care hospitals, skilled nursing facilities, inpatient rehabilitation facilities, home health agencies, hospice, physician/ carrier visits, and durable medical equipment, prosthetics, orthotics, and supplies.
This database of study and comparison group beneficiaries served as the framework for the analytic sample selected using propensity score matching techniques. We used a one-to-one propensity score match across study and comparison group patients based on etiological diagnosis, comorbidities, patient sociodemographic characteristics (age, gender, race), and historical health care utilization. Additionally, because in the prosthetic analysis the clinical severity (and risk of imminent death) may have been a driver of whether or not the patient received a prosthesis, patients were also matched on the timing of death in relation to amputation, if applicable. As a result, mortality across the groups was excluded as a study outcome for the prosthetic analysis.
Propensity score matching techniques are widely used in observational studies when randomized controlled trials (RCTs) are not possible or are unethical or impractical to administer [15] . Literature suggests that applying these techniques to observational studies is an appropriate technique to remove observable selection bias among treatment and comparison groups and can result in findings that look like RCTs [16] [17] [18] [19] . In addition, analyses based on administrative claims data are much less expensive than clinical trials.
Proper matching of the study and comparison group patients limited the number of episodes included in our study but helped to ensure that the study and comparison group patients were clinically and demographically similar [20] . Table 1 shows the number of study and comparison group patients included in each service group before and after matching. Propensity score matching resulted in 43,487 matched pairs of Medicare beneficiaries in the lower extremity orthotic model; 34,575 matched pairs in the spinal orthotic model; and 545 matched pairs of recent amputees in the prosthetic model. The number of orthotic patients in this current study is higher than in the 2007-2010 analysis, a designed increase in sample size resulting from the specifications of the custom cohort database. The relatively small number of beneficiaries included in the lower extremity prosthetic model was due to the requirement that amputation occur during the study window, which ensured the exclusion of long-term users who received replacement prosthetics during the study window, and also to the number of variables used in developing the propensity score match.
Developing episodes of care
Patient episodes were constructed to capture health care diagnoses, utilization, and expenditures prior to and after receipt of the orthotic or prosthetic device. Because actual costs were utilized in the analysis, and because at least one year of claims data prior to and after device provision was included, no additional discounting assumptions were incorporated. All patient episodes contained a pre-service window prior to the episode start, which allowed for the identification of comorbid conditions, patterns of institutional care, and other health care utilization used for risk-adjustment during the matching process. Episodes also contained a period of follow-up care, used to track trends in overall health care utilization, expenditures, and outcomes. The episodes were structured similarly for the lower extremity and spinal orthotic analyses. For study group beneficiaries in these two service types, the post-service episode started upon receipt of the orthotic service, and the pre-service window comprised the 12 months prior to this date. The post-service period captured up to 18 months of Medicare claims after receiving the orthotic service. Because comparison group beneficiaries did not receive orthotic services, a proxy episode start date was established. To ensure the same post-service window for which health care utilization and expenditures were tracked and compared across cohorts, the length of time between etiological diagnosis and episode start, or "lag time," for the comparison group was set to the average of the length of time for study group participants of similar age and gender. This lag time was added to the date of etiological diagnosis to create an episode start date for each comparison group beneficiary. Similar to the study group, the pre-service window comprised the 12 months prior to the episode start date, and the post-service window comprised the 18 months following the start date.
This episode structure was modified for the prosthetic analysis. In the 2007-2010 study, analysis using a temporal autocorrelation function indicated that the optimal length of the post-period for the prosthetic analysis was 12 months following the episode start, which was approximately three months after amputation. However, the Affordable Care Act (ACA) was implemented since our prior analysis, requiring modifications to this 2011-2014 study. The ACA had a considerable impact on hospital inpatient and outpatient mix, stay duration, and re-admission policies, among other factors. To address this, we used a 15-month episode period starting with the date of hospital discharge associated with amputation for the [2011] [2012] [2013] [2014] lower extremity prosthetic population, as contrasted to the 3-month waiting period post-amputation and an immediately subsequent 12-month episode period we had used for the 2007-2010 study. Thus, both study and comparison groups had a pre-service window comprising the 12 months prior to this hospital discharge and a 15-month post-service window immediately following it.
Calculating descriptive statistics and analyzing impact of orthotic/ prosthetic devices on overall patient Medicare expenditures For each of the three analyses (lower extremity orthoses, spinal orthoses, and lower extremity prostheses), descriptive statistics were calculated for the study and comparison groups after the propensity score matching. The two groups were compared to each other based on the distribution of patient characteristics including but not limited to age, gender, race, and comorbidities. We then compared the total average episode Medicare payments of the study and comparison groups over the post-service period, as well as the distribution of payments by care settings, and a range of outcome measures, such as falls, hospitalizations, and days of rehabilitative/physical therapy. Table 2 presents the descriptive statistics of matched patients for each O&P service. Since the propensity score matching criteria included patient demographic characteristics and controlled for observable selection bias, the study and comparison group patients were highly similar within each O&P service type. No significant differences were found between the matched study and comparison groups for any variables used in the propensity score matching process, including age, gender, dual eligibility, and race, for any O&P service (p < 0.05). Table 3 presents the ten most common etiological diagnoses for each type of O&P service, representing over 95% of beneficiaries in each service type. Because all matched pairs were required to have the same etiological diagnoses, the percentages are identical among the study and comparison groups, and Table 3 therefore presents the percent of matched pairs with each diagnosis. The most common etiological diagnosis for beneficiaries in the lower extremity orthotic analysis was other connective tissue disease, followed by spondylosis. These were also the top two diagnoses for beneficiaries in the spinal orthotic analysis, although the hierarchy was reversed. The most common diagnosis for beneficiaries in the lower extremity prosthetic analysis was diabetes mellitus with complications, followed by chronic ulcer of skin.
Results

Demographic analysis
Outcomes analysis: lower extremity orthoses Across the 18-month episode, in this updated analysis the study group patients had a total Medicare payment of $22,734 compared to $24,673 for the comparison group, so the episode payment was $1939 lower for the study group (p < 0.05). A main cause for this difference was significantly fewer admissions to acute care hospitals, as the study group patients were admitted 0.52 times during the episode, compared to 0.87 times for the comparison group (p < 0.05). This lower rate of utilization lowered the total episode payments by $572 for patients receiving orthoses.
In addition, similar to the 2007-2010 analysis, we again found that the lower extremity orthotic study group had significantly lower payments to physicians and outpatient hospitals. Study group beneficiaries also had lower overall Part D drug spending, a significant difference of $1044 (p < 0.05).
Despite having lower total episode payments, beneficiaries receiving the lower extremity orthoses demonstrated significantly higher expenditures in most post-acute care settings, including inpatient rehabilitation facilities ($641 vs $378), skilled nursing facilities ($1619 vs $1504), and home health ($1187 vs $908) (p < 0.05). These results are similar to those of the 2007-2010 analysis, with the exception of skilled nursing facilities. In the earlier analysis, expenditures in this care setting were $765 less than the comparison group across the 18-month episode. In addition, patients who received lower extremity orthoses received significantly more outpatient therapy than those who did not receive the orthotic (12.53 vs 4.93 visits, p < 0.05). As shown in Table 4 , analysis of other outcomes revealed that study group patients Figure 1 presents the cumulative episode payment for those who received the lower extremity orthoses compared to those who did not by episode month. Despite a period of higher spending in Months 7 to 12, the study group patients had lower Medicare episode payments than the comparison group. Thus, over the entire 18-month episode the cost of the orthotic was fully amortized through reduced utilization in other settings. These findings are consistent with those of the 2007-2010 analysis.
Outcomes analysis: spinal orthoses Table 5 presents the health care utilization and payments by care setting for those patients who received spinal orthoses (study group) compared to those who did not (comparison group). Across the 18-month episode, the study group patients had significantly lower total episode payments across all care settings ($23,560 vs $25,655, p < 0.05). This result is different than that found in the 2007-2010 analysis, which found a nonsignificant difference in total episode spending between the study and comparison groups.
In this updated analysis, a major contributor to the difference in total episode payments between the study and comparison groups was significantly lower payments for Part D drugs in the study group ($840 lower among Part D users only, p < 0.05). Study group patients had higher payments for DME services, inpatient rehabilitation facilities, and home health, but lower payments to acute care hospitals, long-term care hospitals and physician offices (p < 0.05). This is somewhat different than our earlier analysis, which found higher payments to physician offices and lower payments to inpatient rehabilitation facilities.
Despite higher payments for inpatient rehabilitation care in the study group, the average length of stay in inpatient rehabilitation facilities was significantly lower in this group (0.24 vs 0.32, p < 0.05). These patients appear more likely to return home faster and to receive follow up care in the home, as evidenced by higher payments to home health among the study group ($1100 vs $901, p < 0.05). Study group patients who received spinal orthoses experienced the same number of fractures and falls compared to those who did not receive the orthoses, but a significantly lower number of emergency room admissions (0.81 admissions for the study group compared to 1.03 for the comparison group, p < 0.05). Figure 2 presents the cumulative episode payment for those who received spinal orthoses compared to those who did not by episode month. Similar to the lower extremity orthotic analysis, this chart indicates that, despite a period of additional cost for the study group between months 7 to 12, the cost of the orthotic was fully amortized over the episode.
Outcomes analysis: lower extremity prostheses Table 6 presents the health care payments by care setting for those who received lower extremity prostheses compared to those who did not. As discussed in the methodology, the results for lower extremity prostheses were compared across approximately 15 months post-service.
Across the 15-month episode, the study group patients had total Medicare payments that were slightly, but not significantly, lower than the comparison group ($68,877 for the study group compared to $68,893 for the comparison group). About 14% of the total episode payment for the study group patients is attributed to the prosthesis ($9694 of the total episode payment of $68,877). The prosthetic device represents an additional cost that was fully amortized within 15 months due to a reduction of care in other settings. This stands in contrast to the 2007-2010 analysis, which found higher total episode payments of $1015 among the study group.
The largest difference in payments between the study and comparison groups was for acute care hospitals. The study group patients had a significantly lower rate of hospitalization than the comparison group patients (1.23 admissions for the study group compared to 1.54 admissions for the comparison group, p < 0.05), resulting in lower episode Medicare payments for acute care hospitalizations ($15,529 for the study group compared to $19,851 for the comparison group, p < 0.05). These results are similar to those found in the 2007-2010 analysis.
Study group patients had significantly lower expenditures for facility-based long-term care and in-home hospice services than the comparison group patients (p < 0.05), but spending differences were not significantly different in other care settings. Expenditures were nominally lower among study group participants in physician offices, hospital outpatient departments, and skilled nursing facilities, but nominally higher among study group participants for inpatient rehabilitation facilities and home health. In addition, expenditures were lower for Part D drugs among the study group, although this difference was not significant.
Patients need to be trained and receive extensive therapy to properly use a prosthetic device, and study group patients had considerably higher utilization of outpatient therapy (26.86 visits vs 17.97 visits, p < 0.05). The number of fractures and falls and emergency room admissions were not significantly different between the study and comparison groups. Figure 3 presents the cumulative episode payment for the study and comparison group by episode month. This chart indicates that the cost of the prosthetic was slowly amortized over time; by the end of Month 15, the cumulative Medicare episode payment for the study group was similar to that of the comparison group, indicating that the cost of the prosthetic was fully amortized.
Discussion
The literature indicates that the receipt of orthotic and prosthetic services could increase a patient's mobility, ultimately reducing their health care utilization and increasing their quality of life. Based on this possibility, this study investigated the economic impact and value of lower extremity orthoses, spinal orthoses, and lower extremity prostheses. Propensity score matching techniques allowed for the comparison of clinically and demographically similar patients who received these services to those who did not, and thus for a determination of the economic impact of these services on the Medicare population. Because this study is based on Medicare claims data, it excludes some other sources of economic value and outcomes, such as the ability for patients with prostheses to return to work or become more independent from social services. These are sources of economic impact from the societal and consumer's perspective, although they are not generally relevant to the largely nonworking Medicare population and were outside the scope of the current analysis.
Results indicated that over an 18-month period, patients who received lower extremity orthotics or spinal orthotics had reduced Medicare payments. Savings were in the range of $2000 for both types of orthotic services, or approximately 8% of total Medicare health costs in the follow-up period. Beneficiaries who received lower extremity prostheses had similar total episode payments over 15 months, despite the higher cost of the prosthetic device, due to lower expenditures in other care settings.
Within the lower extremity orthotics analysis, these results demonstrated lower payments to physicians, outpatient hospitals, and for Part D drugs. This may suggest overall lower morbidity or comorbidity in patients who receive the orthotic service. In addition, higher utilization of post-acute care may be an important reason why acute care hospital admissions and expenditures are significantly lower in the study group. That is, the higher use of post-acute care may eliminate the need for additional or subsequent admission to acute care hospitals, ultimately lowering total episode cost. The increased rate of outpatient therapy seen in the study group is consistent with Medicare's emphasis on restorative care for beneficiaries, when possible. It may be related to the lower rate of negative outcomes for patients who received O&P services, including fewer fractures and falls and emergency room visits. The results of this analysis suggest that with the receipt of the lower extremity orthotic, study group patients could withstand more intensive therapy that led to in increased standing stability, resulting in fewer emergency room admissions, hospitalizations, and lower Medicare payments.
In the spinal orthotic model, the lower payments for Part D drugs seen among study group beneficiaries could indicate lower prevalence of comorbid conditions and generally better health status among beneficiaries receiving spinal orthoses, compared to those who do not. Differences between this updated analysis and the previous one suggest that there may have been a different standard of care for patients receiving spinal orthotics in 2011-2014 than there was in 2007-2010. This updated analysis found higher payments for rehabilitation facilities among study group participants, which could indicate a shift toward more intensive facility-based rehabilitative care for beneficiaries receiving orthoses.
This analysis of lower extremity prosthetic services demonstrated that the cost of the prosthetic device and clinical prosthetic care was amortized within the 15-month follow-up period, offset by higher total costs for the untreated comparison group patients. Comparative efficacy trials and systematic reviews of components have found similar value concluding that some prosthetic components may be initially costlier but are ultimately worth funding due to lower fall risk, less work missed and improved quality of life [4, 14, 21] . In this study, through a reduction in acute care hospitalizations, physician visits, and facility-based care, patients experienced improved quality of life at a comparable Medicare episode payment.
Study and comparison group beneficiaries in this lower extremity prosthetic analysis had roughly a comparable number of fractures and falls, as well as comparable emergency room admission among lower extremity prosthetic users, compared to those who did not receive the service. Part of the savings due to reduced facility-based care was offset by more extensive physical therapy and rehabilitation presumably to teach patients how to properly use their prostheses, as amputees must learn balance and mobility with their new device. Additionally, the high use of therapy among beneficiaries in the study group may be associated with increased ambulation, which suggests that the study group patients with prostheses were less homebound than the comparison group. This increased level of independence among beneficiaries receiving prostheses may explain the similarity in the rate of falls and fractures and emergency room admissions among the study and comparison groups.
Much has changed in health care, and in orthotic and prosthetic care, since 2010. Despite research that suggests [22] . In 2015, Medicare contractors proposed a new Local Coverage Determination (LCD) which would have further restricted access to more advanced devices, asserting, for example, that any Medicare beneficiary who had received a walker, wheel chair, crutches or cane would be automatically excluded from eligibility for more advanced devices. This proposed LCD prompted such controversy that the entire matter was referred to study, which has continued for nearly two years without any published conclusions. In the interim, the RAND Corporation has issued a new report underscoring the economic value of advanced technologies for amputees [23] .
Our study suggest that lower extremity orthoses, spinal orthoses and lower extremity prostheses have the potential to increase quality of life and reduce facility-based care for applicable Medicare beneficiaries. Similarly, these results suggest that orthotic and prosthetic services provide value to the Medicare program, as well as to the patient. In orthotics, there is a clear savings margin for the treated study group patients. In prosthetics, the cost of the services, including the higher initial cost of the prosthesis itself, is completely amortized through reduced acute care hospitalizations and facility-based care. One clinical example of this is the situation where microprocessor knees have been shown to improve patient safety in patients with transfemoral amputation by reducing stumble and fall events [11] .
Limitations
One limitation of the methodology was reliance on administrative data as opposed to clinical data recorded in the medical records. While the dataset included all fee-for-service health care utilization and payments, more detailed clinical indicators, such as functional status, were not available from the administrative data. Propensity score matching relied on all recorded patient demographic and clinical characteristics in an attempt to control for observable selection bias among those who received orthotic/prosthetic services compared to those who did not. More medical information could perhaps improve the selection of matched pairs.
Another limitation of the claims data was the lack of Medicare Advantage discharges and Medicaid long term care-related expenses for dually eligible patients. The relationship of the Medicare to Medicaid payment systems is problematic for analyses that involve episodes of care, as the exclusion of Medicaid claims for dually eligible patients prohibits identification of patients who receive care in long-term care facilities as compared to the community. With additional data, reduction in long-term care facility use may have been determined to be another important outcome variable for the study group.
Conclusion
The results of this study generally echo those of the prior study, with some fluctuation in the cost difference between the study and comparison groups in specific subcategories of expenditures. Study group patients receiving lower extremity and spinal orthoses had significantly lower total episode spending than did the non-treated beneficiaries in the comparison group, despite having more therapy visits. Study group patients receiving lower extremity prostheses had average Medicare payments across all care settings that were slightly lower than the comparison group and the prosthetic cost was fully amortized within 15 months due to a reduction of care in other settings. Among other identified benefits to prosthetic use, prosthesis users had a significantly lower hospitalization rate than comparison group patients further resulting in lower Medicare payments for acute care hospitalizations. Across all analyses, the results cumulatively suggest that orthotic and prosthetic services provide value to the Medicare program, and potentially to other payers, as well as to the patient.
Endnotes
1 Codes used to identify the etiological diagnoses of interest for the orthotic and prosthetic models are included in a separate technical methodology available from the authors. 
